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Implementation of Implementation of 
AB 32 RequirementsAB 32 Requirements

California Air Resources BoardCalifornia Air Resources Board
August 13, 2007 August 13, 2007 -- Cal/EPA HeadquartersCal/EPA Headquarters

Greenhouse Gas Inventory Greenhouse Gas Inventory 

and 1990 Emissions Leveland 1990 Emissions Level

California Global Warming Solutions Act California Global Warming Solutions Act 
of 2006of 2006
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Workshop AgendaWorkshop Agenda

Greenhouse Gas InventoryGreenhouse Gas Inventory

Database and DocumentationDatabase and Documentation

1990 Emissions Level1990 Emissions Level

2020 Projections 2020 Projections –– Ongoing WorkOngoing Work

ScheduleSchedule
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BackgroundBackground
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AB 32 Emission Inventory AB 32 Emission Inventory 
Activities Activities 

Transfer from CEC to ARB on        Transfer from CEC to ARB on        
January 1, 2007 January 1, 2007 

Update statewide GHG InventoryUpdate statewide GHG Inventory

Determine statewide 1990 emissions levelDetermine statewide 1990 emissions level

Establish statewide 2020 emissions limit Establish statewide 2020 emissions limit 
equal to 1990 emissions level equal to 1990 emissions level 

Present to Board by January 1, 2008Present to Board by January 1, 2008
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Description of Statewide Description of Statewide 
Inventory Inventory 

Emissions of six Emissions of six ““Kyoto gasesKyoto gases”” in in 
tonnestonnes of CO2 equivalents (CO2e) of CO2 equivalents (CO2e) 

Generally consistent with IPCC and Generally consistent with IPCC and 
U.S.EPA guidanceU.S.EPA guidance

Uses IPCC Second Assessment Uses IPCC Second Assessment 
Report Report GWPsGWPs

““TopTop--downdown”” vs. vs. ““bottombottom--upup””
approachesapproaches
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Inventory UpdatesInventory Updates

Improved data inputImproved data input
Updated emission factorsUpdated emission factors
Improved activity dataImproved activity data
Corrected calculation errorsCorrected calculation errors

Methodological improvements for Methodological improvements for 
some categoriessome categories
Data sources: Data sources: 

International organizationsInternational organizations
Federal and state agencies Federal and state agencies 
StakeholdersStakeholders
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Scope of Inventory ReviewScope of Inventory Review

All sectors and ~270 subAll sectors and ~270 sub--categoriescategories

More than 10,000 calculationsMore than 10,000 calculations

Entire inventory for 1990Entire inventory for 1990--20042004
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1990 Gross Emissions by 1990 Gross Emissions by 
Fuel (MMTCO2 Fuel (MMTCO2 EqEq))

Distillate
(8%)

Other Petroleum 
Products

(10%)

Gasoline
(31%)

Jet Fuel (Domestic)
(6%)

Biomass
(2%)

Coal
(15%)

Natural Gas
(28%)

Draft ARB GHG Inventory, August 7, 2007
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1990 Gross Emissions by 1990 Gross Emissions by 
Gas (MMTCO2 Gas (MMTCO2 EqEq))

SF6
(1%)

N2O
(5%)CH4

(5%)

CO2
(89%)

Draft ARB GHG Inventory, August 7, 2007
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Updated 1990 Gross Updated 1990 Gross 
Emissions Emissions 
Residential

(7)%
Commercial

(3%)

Other Industrial
(9%)

Oil & Gas Extraction
(3%)

Transportation
(39%)

Agriculture
(6%) Cement

(2%)

Electricity 
Generation (23%)

Landfills 
(1%)

Refineries
(7%)

Draft ARB GHG Inventory, August 7, 2007
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Results of Review         Results of Review         
(MMTCO2 (MMTCO2 EqEq))

20%20%53534444Electricity Generation Electricity Generation ––
ImportedImported

436436413413Total (all sectors)Total (all sectors)
--4%4%171171178178TransportationTransportation

--65%65%--66--1717Land Use, Land Use Land Use, Land Use 
Change and Forestry Change and Forestry 
(net, biodegradable CO2)(net, biodegradable CO2)

7%7%30302828RefineriesRefineries

--13%13%7788LandfillsLandfills

4%4%47474545Electricity Generation Electricity Generation ––
InIn--StateState

60%60%8855CementCement
--19%19%22222727AgricultureAgriculture

%  %  
differencedifference

1990 1990 
ARBARB

1990 1990 
CECCEC

SectorSector
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Sector Sector 
Technical Technical 
DiscussionDiscussion
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Focus of Inventory ReviewFocus of Inventory Review

Agriculture Agriculture 

CementCement

Electricity GenerationElectricity Generation

Refineries Refineries 

Landfills Landfills 

Land Use, Land Use Change &        Land Use, Land Use Change &        
Forestry Forestry 

TransportationTransportation

~80% of 

Total 

1990 

Emissions 
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AgricultureAgriculture

Includes:Includes:
Manure ManagementManure Management

Enteric FermentationEnteric Fermentation

Agricultural Residue BurningAgricultural Residue Burning

Managed SoilsManaged Soils
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Manure Management Manure Management -- UpdatesUpdates

Includes emissions from management Includes emissions from management 
of livestock waste of livestock waste 
Data Sources: CaliforniaData Sources: California--specific data specific data 
compiled by U.S.EPA  compiled by U.S.EPA  

Updates:Updates:
Used 2006 IPCC methodologyUsed 2006 IPCC methodology
Used data from U.S.EPA 1990Used data from U.S.EPA 1990--2005 inventory 2005 inventory 
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Manure Management Manure Management --
EstimatesEstimates

CEC 1990 estimate:                     CEC 1990 estimate:                     
4.10 MMTCO2 4.10 MMTCO2 EqEq

New 1990 estimate:                       New 1990 estimate:                       
5.00 MMTCO2 5.00 MMTCO2 EqEq
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Enteric Fermentation Enteric Fermentation -- UpdatesUpdates

Includes exhaled methane emissions Includes exhaled methane emissions 
that are produced in animalsthat are produced in animals’’
digestive systems digestive systems 
Data Sources: CaliforniaData Sources: California--specific specific 
data compiled by U.S.EPAdata compiled by U.S.EPA

Update:Update:
Used most recent U.S.EPA model outputsUsed most recent U.S.EPA model outputs
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Enteric Fermentation Enteric Fermentation --
EstimatesEstimates

CEC 1990 estimate:                     CEC 1990 estimate:                     
7.53 MMTCO2 7.53 MMTCO2 EqEq

New 1990 estimate:                       New 1990 estimate:                       
6.67 MMTCO2 6.67 MMTCO2 EqEq
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Agricultural Residue Burning Agricultural Residue Burning --
UpdatesUpdates

Includes emissions (CH4 and N2O) Includes emissions (CH4 and N2O) 
from burning Ag biomass waste from burning Ag biomass waste 
Data Sources: CaliforniaData Sources: California--specific data specific data 
compiled by CEC  compiled by CEC  

Updates:Updates:
Accounted for rice straw phaseAccounted for rice straw phase--downdown
Revised calculationsRevised calculations
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Agricultural Residue Burning Agricultural Residue Burning ––
Estimates Estimates 

CEC 1990 estimate:                     CEC 1990 estimate:                     
0.14 MMTCO2 0.14 MMTCO2 EqEq

New 1990 estimate:                      New 1990 estimate:                      
0.33 MMTCO2 0.33 MMTCO2 EqEq
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Managed Soils Managed Soils -- UpdatesUpdates

Includes Ag practices that add Includes Ag practices that add 
nitrogen to soil and increase N2O nitrogen to soil and increase N2O 
emissionsemissions
Data Sources: CaliforniaData Sources: California--specific data specific data 
compiled by CECcompiled by CEC

Updates:Updates:
Revised calculationsRevised calculations
Improved emission factorsImproved emission factors



2222

Managed Soils Managed Soils --
EstimatesEstimates

CEC 1990 estimate:                   CEC 1990 estimate:                   
14.68 MMTCO2 14.68 MMTCO2 EqEq

New 1990 estimate:                        New 1990 estimate:                        
9.52 MMTCO2 9.52 MMTCO2 EqEq
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CementCement

Includes emissions from clinker Includes emissions from clinker 
production and fuel useproduction and fuel use

Data Sources: Data Sources: 
USGS statewide clinker production dataUSGS statewide clinker production data

California Energy BalanceCalifornia Energy Balance

IPCC emission factors IPCC emission factors 
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Cement Cement -- UpdatesUpdates

Updated clinker production dataUpdated clinker production data

Used IPCC 2006 Revised Guidelines Used IPCC 2006 Revised Guidelines 
methodology for process CO2 methodology for process CO2 
emissionsemissions

Included 5 year average for coke and Included 5 year average for coke and 
coalcoal
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Cement Cement -- EstimatesEstimates

CEC 1990 estimate:                     CEC 1990 estimate:                     
4.80 MMTCO2 4.80 MMTCO2 EqEq

New 1990 estimate:                       New 1990 estimate:                       
8.23 MMTCO2 8.23 MMTCO2 EqEq
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Electricity GenerationElectricity Generation

Includes emissions from generating Includes emissions from generating 
inin--state and imported electricitystate and imported electricity

Data sources: Data sources: 
Energy Information AdministrationEnergy Information Administration

IPCC emission factors for CH4 and N2OIPCC emission factors for CH4 and N2O
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InIn--State Electricity Generation State Electricity Generation --
UpdatesUpdates

Included additional fuels               Included additional fuels               
(i.e., biomass, geothermal)(i.e., biomass, geothermal)

Used IPCC oxidation factor of 1 Used IPCC oxidation factor of 1 

Updated SF6 emissionsUpdated SF6 emissions

Included CHP useful thermal output Included CHP useful thermal output 
in industrial and commercial sector in industrial and commercial sector 
emissionsemissions
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Imported Electricity Generation Imported Electricity Generation --
UpdatesUpdates

Included 6 additional specified imports and Included 6 additional specified imports and 
updated 2 specified importsupdated 2 specified imports
Used gross imported power Used gross imported power 
Accounted for line loss Accounted for line loss 
Included IPCC emission factors for CH4 Included IPCC emission factors for CH4 
and N2Oand N2O
Used IPCC oxidation factor of 1Used IPCC oxidation factor of 1
Updated SF6 emissionsUpdated SF6 emissions
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Electricity Generation Electricity Generation --
EstimatesEstimates

InIn--State CEC 1990 estimate:                  State CEC 1990 estimate:                  
45.17 MMTCO2 45.17 MMTCO2 EqEq
InIn--State New 1990 estimate:           State New 1990 estimate:           
46.95 MMTCO2 46.95 MMTCO2 EqEq

Imported CEC 1990 estimate:           Imported CEC 1990 estimate:           
44.05 MMTCO2 44.05 MMTCO2 EqEq
Imported New 1990 estimate:            Imported New 1990 estimate:            
53.12 MMTCO2 53.12 MMTCO2 EqEq
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RefineriesRefineries

Includes emissions from fuel use for Includes emissions from fuel use for 
H2 production, onH2 production, on--site fuel combustion site fuel combustion 
and some fugitive emissionsand some fugitive emissions

Data Source: California Energy Data Source: California Energy 
Balance (PIIRA)Balance (PIIRA)
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Refineries Refineries -- UpdatesUpdates

Included:Included:
H2 production emissionsH2 production emissions

Fugitive CH4 emissionsFugitive CH4 emissions

CH4 and N2O from fuel combustionCH4 and N2O from fuel combustion

Used IPCC oxidation factor of 1Used IPCC oxidation factor of 1

Extrapolated missing data for natural Extrapolated missing data for natural 
gas and associated liquidsgas and associated liquids
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Refineries Refineries -- EstimatesEstimates

CEC 1990 estimate:                   CEC 1990 estimate:                   
27.85 MMTCO2 27.85 MMTCO2 EqEq

New 1990 estimate:                       New 1990 estimate:                       
30.45 MMTCO2 30.45 MMTCO2 EqEq
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LandfillsLandfills

Includes emissions from decomposition of Includes emissions from decomposition of 
landfill material (CH4) and burning of landfill material (CH4) and burning of 
landfill gas (CH4 and N2O)landfill gas (CH4 and N2O)
CO2 emissions from decomposition CO2 emissions from decomposition 
addressed in Land Use & Forestryaddressed in Land Use & Forestry

Data Sources: Data Sources: 
CIWMB for Waste in Place data and landfill controlsCIWMB for Waste in Place data and landfill controls
Survey dataSurvey data
IPCC, U.S.EPA and CIWMB for waste IPCC, U.S.EPA and CIWMB for waste 
characterizationcharacterization
U.S.EPA for waste decay rateU.S.EPA for waste decay rate
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Landfills Landfills -- UpdatesUpdates

Used IPCC Mathematically Exact Used IPCC Mathematically Exact 
FirstFirst--Order Decay ModelOrder Decay Model

Tracks annual amount of carbon Tracks annual amount of carbon 
sequesteredsequestered

Sequestered carbon not considered a sinkSequestered carbon not considered a sink

Added N2O emissionsAdded N2O emissions
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Landfills Landfills -- EstimatesEstimates

CEC 1990 estimate:                                CEC 1990 estimate:                                
8.13 MMTCO2 8.13 MMTCO2 EqEq

New 1990 estimate:                                    New 1990 estimate:                                    
6.58 MMTCO2 6.58 MMTCO2 EqEq

Landfill gas to energy estimate:           Landfill gas to energy estimate:           
0.03 MMTCO2 0.03 MMTCO2 EqEq (included in (included in 
electricity sector)electricity sector)
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Land Use, Land Use Change & Land Use, Land Use Change & 
Forestry (Biodegradable CO2)Forestry (Biodegradable CO2)

Includes CO2 emissions from: Includes CO2 emissions from: 
Harvested and fuel woodHarvested and fuel wood

LandfilledLandfilled and composted wood productsand composted wood products

Biomass wildfiresBiomass wildfires

Burning of crop residues (CO2 only)Burning of crop residues (CO2 only)

Includes removals from:Includes removals from:
Forest, rangeland and crop growthForest, rangeland and crop growth
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Land Use, Land Use Change & Land Use, Land Use Change & 
Forestry Forestry -- UpdatesUpdates

Data Sources: Data Sources: 
CEC Inventory (Winrock)CEC Inventory (Winrock)

USFS and CIWMB data on wood consumption and USFS and CIWMB data on wood consumption and 
wood landfill and composting datawood landfill and composting data

Used IPCC Atmospheric Flow Approach Used IPCC Atmospheric Flow Approach 
to track CO2 fluxto track CO2 flux

Removed landfill wood products as Removed landfill wood products as ““sinkssinks””
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Land Use, Land Use         Land Use, Land Use         
Change & Forestry Change & Forestry --
EstimatesEstimates

CEC 1990 estimates (net):                   CEC 1990 estimates (net):                   
--17.16 MMTCO2 17.16 MMTCO2 EqEq

New 1990 estimates (net):                 New 1990 estimates (net):                 
--5.62 MMTCO2 5.62 MMTCO2 EqEq
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TransportationTransportation

Includes CO2, CH4 and N2O Includes CO2, CH4 and N2O 
emissions from:emissions from:

Highway vehiclesHighway vehicles

Airplanes (domestic only)Airplanes (domestic only)

Trains Trains 

Ships and Boats (domestic only)Ships and Boats (domestic only)
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Highway Vehicles Highway Vehicles -- Updates Updates 

Data Sources:Data Sources:
California Energy BalanceCalifornia Energy Balance

EMFAC 2007EMFAC 2007

Updates:Updates:
Used newer version of EMFAC for CH4Used newer version of EMFAC for CH4

Updated diesel N2O emissionsUpdated diesel N2O emissions
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Highway Vehicles Highway Vehicles -- EstimatesEstimates

CEC 1990 estimate:                 CEC 1990 estimate:                 
147.36 MMTCO2 147.36 MMTCO2 EqEq

New 1990 estimate:                    New 1990 estimate:                    
139.81 MMTCO2 139.81 MMTCO2 EqEq
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Trains, Ships and Planes Trains, Ships and Planes --
UpdatesUpdates

Data Sources: Data Sources: 
California Energy BalanceCalifornia Energy Balance

U.S.EPA emission factors for CH4 and N2OU.S.EPA emission factors for CH4 and N2O

Updated CH4 and N2O emissions Updated CH4 and N2O emissions 
using U.S.EPA emission factorsusing U.S.EPA emission factors
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Trains, Ships and             Trains, Ships and             
Planes Planes -- EstimatesEstimates

CEC 1990 estimate:                     CEC 1990 estimate:                     
30.64 MMTCO2 30.64 MMTCO2 EqEq

New 1990 estimate:                     New 1990 estimate:                     
30.76 MMTCO2 30.76 MMTCO2 EqEq
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Pending Updates & Pending Updates & 
ImprovementsImprovements

Cement fuel useCement fuel use
Selected industrial processes       Selected industrial processes       
(i.e., glass container manufacturing)(i.e., glass container manufacturing)
Feedstock for hydrogen production Feedstock for hydrogen production 
for refineriesfor refineries
Burning of associated gas and crude Burning of associated gas and crude 
oil for oil and gas extractionoil for oil and gas extraction
Emissions from managed soilsEmissions from managed soils
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Documentation Documentation 
and Databaseand Database
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Rationale for Documentation Rationale for Documentation 
EffortsEfforts

Requests by stakeholders Requests by stakeholders 

Need for transparencyNeed for transparency
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Description of DatabaseDescription of Database

Created relational databaseCreated relational database
Stores equations, parameters and referencesStores equations, parameters and references

Calculates emissionsCalculates emissions

Online accessOnline access
Output available as PDF or Excel spreadsheetOutput available as PDF or Excel spreadsheet

Documentation pagesDocumentation pages
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1990 1990 
Emissions Emissions 

LevelLevel
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Role of InventoryRole of Inventory

Statewide 1990 emissions level is Statewide 1990 emissions level is 
basis for statewide, aggregated 2020 basis for statewide, aggregated 2020 
limit limit 

Starting point for Scoping Plan Starting point for Scoping Plan 
development development 
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Statewide 1990 Emissions Statewide 1990 Emissions 
LevelLevel

Comprehensive of all anthropogenic Comprehensive of all anthropogenic 
emissionsemissions

Excludes international bunker fuels Excludes international bunker fuels 
(marine and aviation)(marine and aviation)

Aggregated number: 436 MMTCO2 Aggregated number: 436 MMTCO2 EqEq
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Statewide 1990 Emissions Statewide 1990 Emissions 
Level Level (cont.)(cont.)

Consider excluding domestic aviationConsider excluding domestic aviation
Equals approximately 24 MMTCO2 Equals approximately 24 MMTCO2 EqEq

Rationale: Rationale: 
State has no direct control over aviationState has no direct control over aviation--related related 
fuel and emissions control technologiesfuel and emissions control technologies

Interstate aviation akin to international aviation Interstate aviation akin to international aviation 
at statewide levelat statewide level
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2020 Emissions Limit2020 Emissions Limit

Equivalent to 1990 emissions levelEquivalent to 1990 emissions level

Statewide, aggregate emissions  Statewide, aggregate emissions  

Limit not sectorLimit not sector-- or facilityor facility--specificspecific

Remains in effect unless otherwise Remains in effect unless otherwise 
amended or repealed amended or repealed 
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2020 Projections 2020 Projections 

Ongoing workOngoing work

CAT projections based on 2003 IEPRCAT projections based on 2003 IEPR

CEC projections based on 2005 IEPRCEC projections based on 2005 IEPR

Draft 2007 IEPR under review Draft 2007 IEPR under review 

Considering similar projection Considering similar projection 
methodology to CEC methodology to CEC 
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ScheduleSchedule

Early Fall 2007Early Fall 2007
Draft staff reportDraft staff report

December 2007December 2007
Board consideration of GHG inventory and Board consideration of GHG inventory and 
1990 level / 2020 limit in public hearing1990 level / 2020 limit in public hearing
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Comments Comments 
or Questions?or Questions?
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Richard Bode – Chief
Emissions Inventory Branch
rbode@arb.ca.gov
(916) 323-8413

Webster Tasat – Manager
Emission Inventory Analysis Section
wtasat@arb.ca.gov
(916) 323-4950

Robert Jenne – Legal Counsel
rjenne@arb.ca.gov
(916) 322-3762

GHG Inventory Website
http://www.arb.ca.gov/cc/ccei/ccei.htm

ARB ContactsARB Contacts
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Kevin Eslinger - Transportation
keslinge@arb.ca.gov
(916) 445-2151 

Larry Hunsaker – Electricity, Landfills, Refineries
lhunsake@arb.ca.gov
(916) 324-7168 

Neva Lowery - Agriculture
nlowery@arb.ca.gov
(916) 323-4887

Johnnie Raymond - Cement
jraymond@arb.ca.gov
(916) 324-7901

Jamesine Rogers – Staff Report
jrogers@arb.ca.gov
(916) 323-2722

Klaus Scott – Land Use, Land Use Change & Forestry 
kscott@arb.ca.gov
(916) 327-0301

Staff ContactsStaff Contacts


